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Chiral dopants having a laterally alkylated phenyl unit 



The present invention relates to chiral dopants having a laterally alkylated 
5 phenyl unit and to liquid-crystalline nnedia which comprise these 

compounds. The present invention furthermore relates to liquid-crystal 
displays which contain the liquid-crystal mixtures according to the 
invention. 



10 in the known liquid-crystal displays, the liquid crystals, generally liquid- 
crystalline mixtures, are used as dielectrics whose optical properties 
change reversibly on application of an electric voltage. These liquid-crystal 
displays use various electro-optical effects. The commonest of these are 
the TN (twisted nematic) effect, with a homogeneous, virtually planar initial 

15 aiignnient of the liquid crystals and a nematic structure twisted by about 
90°, the STN (supertwisted nematic) effect and the SBE (supertwisted 
birefringence effect), both of which, like the TN effect, use a twisted, 
homogeneous initial alignment of the liquid crystals, but here the mole- 
cules have a significant surface tilt angle ("tilt angle" for short) at the sur- 

20 face of the substrates, and the twist between the substrates is significantly 
greater than 90*". In this application, unless explicitly stated othen/vise, the 
STN effect and the SBE below are both jointly referred to as the STN 
effect. The tilt angle at the surface in STN displays is typically between 2° 
and 10°. It is greater the greater the twist angle. The twist angles are gen- 

25 erally from about 180° to 240°, sometimes also up to 260° or 270° and in 
some cases even greater, 

The twist of the liquid-crystal medium by greater than 90° is achieved 
through the use of chiral liquid-crystal mixtures whose natural twist is 

30 selected in accordance with the layer thickness of the liquid-crystal layer. 
To this end, two possibilities are available to the person skilled in the art. 
The first consists in the use of liquid crystals which are themselves chiral, 
i.e. cholesteric liquid crystals. Such liquid crystals themselves have a . 
twisted structure. In a homogeneously oriented arrangement between two 

35 substrates, which is known as the Grandjean texture, the director of the 
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molecules is helically twisted in the vertical direction, i.e. over the thickness 
of the layer. 

The characteristic length for a complete rotation through 360° is known as 
5 the choiesteric pitch (P). However, the use of cholesteric liquid crystals is 
often not particularly advantageous since the cholesteric pitch of choles- 
teric liquid crystals cannot be matched easily to the layer thicknesses of 
the display cells usually used. In addition, the cholesteric pitch of these 
liquid crystals is often disadvantageously and in many cases strongly 
10 dependent on the temperature. A change in the composition of the mix- 
tures also usually results in considerable changes in the cholesteric pitch. 

For this reason, in most practical cases a chiral substance which induces 
the desired twist is added to a nematic liquid-crystal mixture. It is not par- 

1 5 ticularly important here whether this compound itself has a mesophase. 

Rather, it is more important that it has a high twisting power for the nematic 
base mixture (also known as host mixture) and that it does not change the 
properties of the base mixture, in particular its clearing point, excessively in 
the concentrations usually employed. Preference is thus generally given to 

20 compounds which themselves have a mesogenic structure or are even 
cholesteric. 

The cholesteric phases which are induced by addition of chiral substances 
to nematic liquid crystals are often known as chirally nematic phases. In 
25 the present application, however, these are also referred to as cholesteric 
phases unless explicitly stated otherwise. 

The cholesteric pitch induced by addition of chiral substances (dopants) to 
nematic liquid crystals is dependent at a given temperature, besides on the 

30 enantiomeric purity of the chiral dopant, in particular on the dopant 

concentration (c) employed and on the twisting power of the dopant. This 
twisting power is known as the HTP (helical twisting eower). To a first 
approximation, the induced cholesteric pitch (P) is inversely proportional to 
the product of HTP and dopant concentration employed, as shown in 

35 equation (1 ). 
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P = (HTPc)-'' (1) 

In STN displays, use is typically made of liquid-crystal mixtures having a 
cholesteric pitch to layer thickness ratio (d/P) in the range from 0.4 to 0.8, 
5 frequently of about 0.5. 

However, chiral liquid-crystal mixtures are also used in TN displays, here in 
order to avoid twist in the reverse direction (reverse twist). Occurrence of 
this would result in the formation of domains and thus in a reduction in 
10 contrast. In TN displays, use is generally made of cholesteric liquid-crystal 
mixtures having a significantly smaller d/P ratio than in STN displays since 
larger d/P values in most cases result in an increase in the threshold volt- 
age. The values here are typically from about 0.01 to 0.3, frequently about 
0.1. 

15 

Besides these display types, there are further liquid-crystal displays which 
use liquid-crystal mixtures doped with chiral compounds. 

Known chiral dopants are, for example, the compounds CI 5, CB15, R-81 1 
20 and S-811. R-1011 and S-1011, and R-2011 and S-2011, ail Merck KGaA. 

In these and similar electro-optical effects, use is made of liquid-crystalline 
media of positive dielectric anisotropy (As). 

25 Besides the electro-optical effects mentioned which require liquid-crystal 
media of positive dielectric anisotropy, there are other electro-optical 
effects which use liquid-crystal media of negative dielectric anisotropy, 
such as, for example, the ECB (electrically controlled birefringence) effect 
and its sub-forms DAP (deformation of aligned phases), VAN (vertically 

30 aligned nematics) and CSH (colour super homeotropics). In these and 
similar electro-optical effects, use is made of liquid-crystalline media of 
negative dielectric anisotropy (Ae). 

An electro-optical effect having excellent, low viewing-angle dependence 
35 of the contrast uses axially symmetrical micropixels (ASMs). In this effect, 
the liquid crystal of each pixel is surrounded cylindrically by a polymer 
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material. This mode is particulariy suitable for combination with addressing 
through plasma channels. In particular, large-area PA LCDs having good 
viewing-angle dependence of the contrast can be achieved in this way. 

The IPS (In glane switching) effect employed to an increased extent 
recently can use both dielectricaliy positive and dielectrically negative 
liquid-crystal media, similar to guest-host displays, which can employ dyes 
either in dielectrically positive or in dielectrically negative media, depending 
on the display mode used. 

The pixels of the liquid-crystal displays can be addressed directly, time- 
sequentially, i.e. in time-multiplex mode, or by means of a matrix of active, 
electrically non-linear elements. 

The most common AMDs (active matrix displays) hitherto use discrete 
active electronic switching elements, such as, for example, three-pole 
switching elements, such as MOS (metal oxide silicon) transistors or thin- 
film transistors (TFTs) or varistors or 2-pole switching elements, such as, 
for example, MIM (metal insulator metal) diodes, ring diodes or back-to- 
back diodes- In the TFTs, various semiconductor materials, predominantly 
silicon or alternatively cadmium selenide, are used. In particular, amor- 
phous silicon or polycrystalline silicon is used. 

Thus, DE 43 22 905 A1 discloses chiral 2,6-difluorobenzene derivatives of 
the formula: 




in which 



MG 

X 

Q* 



is a mesogenic group which is free from ester groups, 
is O or CH2, and 

is a chiral radical having at least one chiral carbon atom. 
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The use of these derivatives as dopant in tilted smectic liquid-crystal 
phases results, even when added in small announts, in strong twisting in 
the cholesteric phase. Electro-optical displays containing these liquid- 
crystalline media are also disclosed. 

5 

EP 0 609 566 A1 likewise discloses liquid-crystalline compositions which 
comprise chiral compounds of the formula 




in which the rings 

a, b, c and d, independently of one another, are trans-1 ,4-cycIohexylene, 
1-cyclohexene-1,4-diyl or 1 ,4-phenylene, 

are each 0 or 1 , where (g + h + i) > 1 , 

independently of one another, are a single bond, 
-CH2CH2-. -CH=CH-. -C^C-. -OCH2- or -CH2O-, 

independently of one another, are H, CnH2n+i-, CnH2n+i-0-. 

CnH2n+1-0-CkH2k-, CnH2n-1-, CnH2n-1-0-, CnH2n'1-0-CkH2k-, 
CnH2n.3-, CnH2n.3-0- Or CnH2n-3-0-CkH2k-, and 

independently of one another, are an integer from 1 to 18, 
where (n + k)< 18, 

where at least one H atom in the formula may be replaced by an F atom, 
and at least one of the radicals R^, R"^, x, y and z has an asymmetric 
carbon atom. 



20 



g, h and i 
X, y and z. 



R^ and R^ 



25 



n and k. 



35 



The chiral dopants known from the prior art have the disadvantage that 
they only result in inadequate twisting in LC mixtures and in addition 
adversely affect the properties of the LC mixtures. 
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Based on the cited prior art, it can be regarded as the object of the present 
Invention to provide novel chiral dopants, in particular for TFT-LC mixtures, 
which are superior to the prior art and which preferably do not adversely 
5 affect the properties of the LC material , 

Surprisingly, it has been found that the alkyl-substituted dopants according 
to the invention have a significantly greater helical twisting power (HTP) 
than the corresponding H- or F-substituted compounds. 

10 

The present invention thus relates to chiral dopants having a laterally 
alkylated phenyl unit of the general formula I: 



W X 



15 




V Y 



in which: 

is a unit having an asymmetric carbon atom, 

is -H, an alkyi or alkenyl radical having from 1 to 12 carbon 
atoms which is unsubstltuted pr at least monosubstituted by 
halogen, and In which one or more non-adjacent -CH2- 
groups may be replaced by -O- or -S- and/or -CsC-, as well 
as F or CI, 

independently of one another, are a single bond, 1 ,4- 
phenylene, in which, in addition, one or more H atoms may 
be replaced by F, 1 ,4-cyclohexylene, in which, in addition, 
one or two CH2 groups may be replaced by -0-, or 1 ,4- 
bicyclo[2.2.2]octanyl, 

independently of one another, are a single bond, -CH2-CH2-, 
-O-CH2-, -CH2-O-. .CF2-O-, -O-CF2-, -CF2-CF2- or -C^C-. 



Q* 
R 



25 



30 



A, 



35 



Z, 
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V and W, independently of one another, are linear or branched alkyi or 
alkoxy having from 1 to 12 carbon atoms which is unsubsti- 
tuted or monosubstituted or polysubstituted by halogen, or H, 
5 F or CI, 

X and Y, independently of one another, are linear or branched alky! or 
alkoxy having o or p carbon atoms which is unsubstituted or 
monosubstituted or polysubstituted by halogen, where o and 
10 p, independently of one another, are identical or different and 

are integers in the range from 1 to 12, H, F or CI, where in the 
case of H, F and CI, o or p = 0, or trimethylsilyl, and 



15 



n is from 1 to 3, preferably 2 or 3, 

with the proviso that X and/or Y is/are either an unsubstituted or halogen- 
substituted alkyI or alkoxy radical having o or p carbon atoms, where the 
sum o + p is > 2, or a trimethylsilyl radical. 

20 Preference is given to structures in which the chiral centre is separated 
from the ortho-alkylated aromatic ring by not more than 3 bonds (or 2 
atoms). 

Preference is furthermore given to structures which contain no hydrolys- 
25 able units, such as, for example, ester bridges. 

Unit Q* having an asymmetric carbon atom is likewise preferably: 



30 



-K-c; 

H M 



in which: 



35 K: 



is -CH2-. -0-, -CH2CH2-, -OCH2-, -CH2O-, -OCF2-. -CF2O-, 
-CsC-, -CH=CH- or a single bond, and 
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L and M: are alkyi, cycloalkyi, O-aikyi, alkenyl, alkynyl or aryl, where L 
must be different from M. 

5 Unit Q* liaving an asymmetric carbon atom is particularly preferably: 



10 



H3C 




CH, 



H 



H 



(a) 



(c) 



H 



H3C V^^a 
* H 




CH, 



(b) 



(d) 



15 



20 



25 



H3C 




H 




(e) 



(g) 




CH, 




H CH, 



(f) 



(h) 




CH, 



(i) 



H 





CH, 



CH3 CH3 



(k) 



30 



-O^H 



C*-CgH^3 



(m) 



-O H 




(n) 



H3C 



35 
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(o) 



9- 



-OH 



C" C5H,, 



(p) 



(q) 



H 

/ 



— O C^-C^H, 
CH, 



(r) 



10 



.0^ / 



H 



^1 



H, 



(s) 



15 



Especial preference is given to units (h), (i), (m), (r) and (s) mentioned. 
Preference is given to chlral dopants having the following basic structure: 



20 




(la) 



25 



F X 

(A-z)„ — ^^>-Q* 



(lb) 



30 



F X 



R-(A-Z)„ 




F Y 



(Ic) 



35 



where the following structures are particularly preferred: 
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H 




CH3 



10- 



(laa) 



(lab) 



(lac) 



(lad) 



(lae) 



(laf) 



(lag) 



35 
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(lah) 



(lai) 



(Iba) 



(Ibb) 



(Ibc) 



(Ibd) 



(Ibe) 
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(Ibf) 



10 




(ibg) 



15 



OCH, 




(Ibh) 



20 



R-(A-z)„— 4 /-Q* 



(Ibi) 



25 



30 



35 




R-(A-z)„-^ / 




(lea) 



(Icb) 
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(Icc) 



F 

5 




F OCH3 



35 
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R-(A-Z)„ 

5 




H 



Particular preference Is given to units (lab), (lac), (lag) and (Ibe) 
mentioned. 

10 

Unit R-(A-Z)n is preferably: 




F 
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F 
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alkyl-^ . 



(14) 





(15) 



10 





(16) 



15 



alkyi 




(17) 



20 




^'^y'^ /r-\ // 



(18) 



25 






F F 



(19) 



30 



alkyI 




(20) 



35 



alkyl-O-^^^— 



(21) 
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15 




alkyl-O-^ ^ 



(22) 



10 




(23) 



alkyl-0-<>, /> 



(24) 



20 



where alkyi is an alkyi radical having from 1 to 12 carbon atoms, which 
may be straight-chain or branched. It is preferably straight-chain, has 1 , 2, 
3, 4, 5, 6 or 7 carbon atoms and accordingly is preferably methyl, ethyl, 
propyl, butyl, pentyl, hexyl or heptyl; 



25 




^ // 




(25) 



(26) 



N\ // 



30 




(27) 



35 
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(28) 




(29) 



10 



15 



20 




(30) 



(31) 



(32) 



25 Unit R-(A-Z)n is particularly preferably groups (2) to (10), (15) to (20) and 
(28) to (32) mentioned and in particular groups (5), (7), (9), (17) and (19). 



30 



The chiral dopants having a laterally alkylated phenyl unit are particularly 
preferably the following compounds: 
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10 



15 



20 



25 



30 




alkyl-<. . 




alkyl^ /r-\ /J 




alkyi 




alkyi 




alkyI 




^ // 




alkyl-^ / 




alkyi 




(17') 



(19') 



(5') 



(7') 



(9') 



(17') 



(19') 



(5') 



-OH 



/ 
H3C 



-OH 



/ 
H3C 



H 

/ 



-o ■;c*-c2H5 

CM, 



H 

/ 



-O ^C-C^Hg 
CH, 



H 



-O "^C-C^Hg 
CH, 



H 

/ 



-O ^C*-C2H5 
CH, 



H 



-O ^C*-C2H5 
CH, 



.0^ I 



H 



^1 



C^-CjHg 
H, 



(m) 



(m) 



(r) 



(r) 



(r) 



(r) 



(r) 



(s) 



35 
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5 



10 



15 



alkvl — < / — ( / — 
\ / \ / 


(7') 


^ C -C^Hi. 

CH3 


(s) 










alkyI — ( > — (\ /> — 


(9') 


^ C -C«Hc 

CH3 


(s) 










a 1 k vl C\ /) 
aiKyi ^ ^ 


(17') 


/ 

<^H3 


(s) 












(19') 


C*-C2Hg 
(^H3 


(s) 



where alkyI is a straight-chain alkyI radical having from 1 to 7 carbon 
atoms and accordingly is methyl, ethyl, propyl, butyl, pentyl, hexyl or 
heptyl, particularly preferably propyl. 

V, W, X and Y in the general formula I may each, independently of one 
another, be an alkyI radical and/or an alkoxy radical having from 1 to 12 
carbon atoms, which may be straight-chain or branched. It is preferably 
straight-chain, has 1, 2, 3, 4, 5, 6 or 7 carbon atoms and accordingly Is 
preferably methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, methoxy. 
ethoxy, propoxy, butoxy, pentoxy, hexoxy or heptoxy. 

The compounds of the formula I are prepared by methods known per se, 
as described in the literature (for example in the standard works, such as 
Houben-Weyl, Methoden der Organischen Chemie [Methods of Organic 
Chemistry], Georg-Thieme-Verlag, Stuttgart), to be precise under reaction 
conditions which are known and suitable for the said reactions. Use can 
also be made here of variants which are known per se, but are not 
mentioned here In greater detaiL 
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The particularly preferred compounds of the formula (lag) In which Q* is 
the prefen-ed structure (m) and R-(A-Z)n- Is the preferred structure (3) are 
prepared as shown in scheme 1 : 



5 



10 




3 4 

Scheme 1 



The particularly preferred compounds of the formula (lab) in which Q* is 
the preferred stnjcture (m) and R-(A-Z)n- is the preferred structure (1) are 
prepared as shown in scheme 2: 

20 




Scheme 2 



35 



The compounds of the formula I are used as components of liquid- 
crystalline phases, preferably nematic, liquid-crystalline phases, for 
example for preventing reverse twist. 
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The compounds of the formula I are particularly preferably employed as 
dopants for nematic, liquid-crystalline phases for STN and active-matrix 
displays. They are particularly distinguished here by a high helical twisting 
power (HTP) and by high voltage holding ratios. In particular, doped 
5 nematic mixtures of this type can easily be purified by treatment with 
aluminium oxide, with no or virtually no loss of chiral dopant occurring. 

Furthermore, the chiral derivatives according to the invention can be used 
to prepare liquid-crystalline media for so-called "phase change" displays 
10 (for example Y. Yabe et al.. SID 1991 Digest 261-264). 

The present invention thus furthermore also relates to the use of the chiral 
dopants according to the invention In liquid-crystalline mixtures, preferably 
for producing twist. 

15 

The present invention thus likewise relates to liquid-crystalline mixtures 
comprising at least one chiral dopant of the formula I according to the 
invention. 

20 The liquid-crystalline mixtures according to the invention comprise from 
about 0.01 to 30% by weight, preferably from 0.05 to 10% by weight, 
particularly preferably from 0.1 to 10% by weight and in particular from 0.1 
to 5% by weight, of one or more compounds of the formula L 

25 The most important compounds suitable as further constituents of media 
according to the invention can be characterised by the formulae 1 , 2. 3, 4 
and 5: 



R'-L-E-R" 1 

30 R'-L-COO-E-R" 2 

R'-L-OOC-E-R" 3 

R'-L-CH2CH2-E-R" 4 

R'-L-C=C-E-R" 5 



35 In the formulae 1 , 2, 3, 4 and 5, L and E, which may be identical or different, 
are each, independently of one another, a divalent radical from the group 
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formed by -Phe-, -Cyc-, -Phe-Phe-, -Phe-Cyc-. -Cyc-Cyc-, -Pyr-, -Dio-, 
-G-Phe- and -G-Cyc- and their mirror images, where Phe is unsubstituted or 
fluorine-substituted 1 ,4-phenylene, Cyc is trans-1 ,4-cyclohexylene or 1,4- 
cyclohexenyiene, Pyr is pyrimidine-2,5-diyl or pyridine-2,5-diyl, Dio is 1,3- 
5 dioxane-2,5-diyl, and G is 2-(trans-1 ,4-cyGlohexyl)ethyl. 

One of the radicals L and E is preferably Cyc, Phe or Pyr. E is preferably 
Cyc, Phe or Phe-Cyc. The media according to the invention preferably 
comprise one or more components selected from the compounds of the 

10 formulae 1 , 2, 3, 4 and 5 in which L and E are selected from the group 

consisting of Cyc, Phe and Pyr and simultaneously one or more components 
selected from the compounds of the formulae 1,2,3,4 and 5 in which one 
of the radicals L and E is selected from the group consisting of Cyc, Phe and 
Pyr and the other radical is selected from the group consisting of -Phe-Phe-, 

1 5 -Phe-Cyc-, -Cyc-Cyc-, -G-Phe- and -G-Cyc-, and optionally one or more 

components selected from the compounds of the formulae 1 , 2, 3, 4 and 5 in 
which the radicals L and E are selected from the group consisting of 
-Phe-Cyc-, -Cyc-Cyc-, -G-Phe- and -G-Cyc-. 

20 R' and/or R" are each, independently of one another, alkyi, alkenyl, alkoxy, 
alkoxyalkyi, alkenyloxy or alkanoyloxy having up to 8 carbon atoms, -F, -CI, 
-CN, -NCS or -(0)iCH3.(k-n)FkCli, where i is 0 or 1 , k and I are 1 , 2 or 3 and 
the sum (k+l) is 1, 2 or 3. 

25 In a smaller sub-group of the compounds of the formulae 1 , 2, 3, 4 and 5, R' 
and R" are each, independently of one another, alkyI, alkenyl, alkoxy, 
alkoxyalkyi, alkenyloxy or alkanoyloxy having up to 8 carbon atoms. This 
smaller sub-group is called group A below, and the compounds are referred 
to by the sub-formulae la, 2a, 3a, 4a and 5a. In most of these compounds, 

30 R* and R" are different from one another, one of these radicals usually being 
alkyI, alkenyl, alkoxy or alkoxyalkyi. 

In another smaller sub-group of the compounds of the formulae 1 , 2, 3, 4 
and 5, which is known as group B, R" is -F, -CI, -NCS or -(0)iCH3-(k+i)FkCli, 
35 where i is 0 or 1 , k and I are 1 , 2 or 3 and the sum (k+l) is 1 , 2 or 3, the 
compounds in which R" has this meaning are referred to by the sub- 
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formulae 1 b, 2b, 3b, 4b and 5b. Particular preference is given to those 
compounds of tlie sub-formulae 1b, 2b, 3b, 4b and 5b in which R" is -F, -CI, 
-NCS, -CF3. -OCHF2 or -OCF3. 

5 In the compounds of the sub-formulae 1b, 2b, 3b, 4b and 5b, R' is as 

defined for the compounds of the sub-formulae la to 5a and is preferably 
alkyi, alkenyl, alkoxy or alkoxyalkyl. 

In a further smaller sub-group of the compounds of the formulae 1,2,3,4 
10 and 5, R" is -CN; this sub-group is referred to below as group C, and the 
compounds of this sub-group are correspondingly described by sub- 
formulae 1c, 2c, 3c, 4c and 5c. In the compounds of the sub-formulae 1c, 
2c, 3c, 4c and 5c, R' is as defined for the compounds of the sub-fomiulae 1a 
to 5a and is preferably alkyI, alkoxy or alkenyl. 

15 

Besides the preferred compounds of groups A, B and C, other compounds 
of the formulae 1 , 2, 3, 4 and 5 having other variants of the proposed 
substituents are also customary. All these substances are obtainable by 
methods which are known from the literature or analogously thereto. 

20 

Preference is given to liquid-crystalline mixtures comprising at least one 
chiral dopant of the formula I according to the invention and at least one 
liquid-crystalline compound of the formulae 1, 2, 3, 4 and/or 5. 

25 Besides compounds of the formula I according to the invention, the media 
according to the invention particularly preferably comprise one or more 
compounds selected from groups A, B and/or C. 

The proportions by weight of the compounds from these groups in the media 
30 according to the invention are preferably 

group A: from 0 to 90%. preferably from 20 to 90%, in 

particular from 30 to 90% 

35 group B: from 0 to 80%, preferably from 1 0 to 80%, in 

particular from 1 0 to 65% 
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group C: from 0 to 80%, preferably from 5 to 80%, in 

particular from 5 to 50%, 

5 where the sum of the proportions by weight of the group A and/or B and/or C 
compounds present in the respective media according to the invention are 
preferably from 5% to 90% and particularly preferably from 10% to 90%. 

The liquid-crystal mixtures which can be used in accordance with the 
10 invention are prepared in a manner which is conventional perse. In 

general, the desired amount of the components used in lesser amount is 
dissolved in the components making up the principal constituent, advan- 
tageously at elevated temperature, it is also possible to mix solutions of 
the components in an organic solvent, for example in acetone, chloroform 
15 or methanol, and to remove the solvent again, for example by distillation, 
after thorough mixing. It is furthermore possible to prepare the mixtures in 
other conventional manners, for example by using premixes, for example 
homologue mixtures, or using so-called "multi-bottle" systems. 

20 The dielectrics may also comprise further additives known to the person 
skilled in the art and described in the literature. For example, 0-15%, 
preferably 0-10%, of pleochroic dyes and/or chiral dopants can be added. 
The individual compounds added are employed in concentrations of from 
0.01 to 6%, preferably from 0.1 to 3%. However, the concentration data for 

25 the other constituents of the liquid-crystal mixtures, i.e. of the liquid- 
crystalline or mesogenic compounds, are indicated without taking into 
account the concentration of these additives. 

The present invention furthermore relates to electro-optical display 
30 elements, in particular liquid-crystal, switching and display devices, 

containing a liquid-crystalline medium, outer plates, electrodes, at least 
one alignment layer and optionally additional auxiliary layers, where the 
liquid-crystalline medium comprises at least one compound of the 
formula I. 
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The present invention furtliermore relates to electro-optical display 
elements with active-nnatrix addressing, having nematic or cholesteric 
phases which comprise at least one compound of the formula I. 

5 In the present application and in particular in the examples below, the 
structures of the liquid-crystal compounds are indicated by means of 
acronyms, the transformation into chemical formulae taking place in 
accordance with Tables A and B below. All radicals CnH2n+i and CmH2m+i 
are straight-chain alkyi radicals having n and m carbon atoms respectively. 

10 The coding in Table B is self-evident. In Table A, only the acronym for the 
parent structure is indicated. In individual cases, the acronym for the 
parent structure is followed, separated by a dash, by a code for the 
substituents r\ R^, and 



15 





Code for R\ 




r2 




















nm 


CnH2n+1 


CmH2m+1 


H 


H 


20 


nOm 


CnH2n+1 


OCn,H2m+1 


H 


H 




nO.m 


OCnH2n+1 


CmH2ni+1 


H 


H 




n 


CnH2n+1 


CN 


H 


H 




nN.F 


CnH2n+1 


CN 


F 


H 


25 


nN.F.F 


CnH2n+1 


CN 


F 


F 


nF 


CnH2n+1 


F 


H 


H 




nF.F 


CnH2n+1 


F 


F 


H 




nF.F.F 


CnH2n+1 


F 


F 


F 




nOF 


OCnH2n+1 


F 


H 


H 


30 


nCI 


CnH2n+1 


CI 


H 


H 




nCI.F 


CnH2n+1 


CI 
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H 




nCI.F.F 


CnH2n+1 


CI 


F 


F 




nCFa 


CnH2n+1 


CF3 


H 


H 
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nCFa.F 


CnH2n+1 


CFa 


F 


H 


nCF3.F.F 


CnH2n+1 


CF3 


F 


F 
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5 



10 



y-\ p- 

nOCFa 


^nrl2n+1 


OCF3 


M 


rj 

n 


nOCFa-F 


^nn2n+1 


OCF3 


F 


H 


nOCFa.F.F 


^nrl2n+1 


OCF3 


F 


r 


nOCF2 


^nrl2n+1 


OCHF2 


1 1 
H 


1 1 
n 


nOCFa.F 




OCHF2 


F 


i_j 
n 


nOCFa.F.F 


^nrl2n+1 


OCnr2 


r- 

r 


r 


nS 


CnH2n+1 


NCS 
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nS.F 


CnH2n+i 


NCS 
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nS.F.F 


CnH2n+1 


NCS 
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rVsN 


CrH2r+l-CH=CH-CsH2s 


CN 
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rEsN 


CrH2r+1 "0-CsH2s 


CN 
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nAm 


CnH2n+1 


COOCmH2m+l 


H 


H 
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Table A: 




EBCH BECH 
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Table B: 



C„H 



n' '2n+1 



F ,F 
C=C^ O V-{.of C„H 



2m+1 



PTP-n[0]mFF 

F. ,F 



10 C, 



CPTP-n[0]mFF 



^n^2n+1 




F F 

O ) — ( o >-x 




CGG-n-X 

(X = F. CI, OCF3) 




o )— X 



CnH2n+1 



CDU-n-X 

(X = F. CI. OCF3) 



GP-n-X 

(X = F. CI. OCF3) 
F 

PGP-n-X 

(X = F. CI. OCF3) 
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10 




F F 

O )-X 



PGG-n-X 

(X = F, CI. OCF3) 




o )-x 



GGP-n-X 

(X = F. CI, OCF3) 



F 

PGU-n-X 

(X = F, CI. OCF3) 

F F 




o y-x 



PGIGI-n-X 

(X = F. CI. OCF3) 



15 



20 





i-nm 



C2H4— ( o ^ O )-CJri^,, 

F 




CBC-nm(F) 




25 



EGBC-nm 



30 




CCP-V2-m 



35 



P0^191 TRANS GB.doc 



CCP-nV2-m 



33 




10 



H2C = CH 




CCP-V-m 




15 



20 



25 



30 



35 



CCP-nV-m 



HjC = CH 




F 

O >— X 



CCG-V-X 

(X = F, CI. OCF3) 




CCG-nV-X 




CCG-V2-X 

(X = F, CI. OCF3) 
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CC-nV-m 




F 



CCZU-n-X 

(X = F. CI, OCF3) 



F 




20 CGZP-n-X 

(X = F. CI, OCF3) 




F 

CCQU-n-X 

(X = F, CI, 0CF3) 
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PUQU-n-X 

(X = F. CI. OCF3) 



The invention is explained in greater detail below with reference to working 
10 examples, but without being restricted thereby in any way. 

Example 1 

15 5.0 g (24.9 mmol) of 4-bromo-2,6-dimethyfphenol 1 , 5.0 ml of 2-octanol 
(31.5 mmol) and 8.0 g of triphenylphosphine (TPP) (30.5 mmol) are 
dissolved in 200 ml of tetrahydrofuran (THF) at room temperature with 
stirring (yellow coloration). 6.0 ml (30.9 mmol) of diisopropyl azo- 
dicarboxylate (DEAD) are subsequently added dropwise. Owing to the 

20 exothermic reaction, the temperature rises to 35°C. In order to achieve 

complete conversion, the mixture is stirred for a further 2 hours. The batch 
is evaporated to dryness in a rotary evaporator, and the resultant crude 
product is eluted with 1-chlorobutane over 1 I of silica gel, giving product 2. 



25 



30 




3 4 
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7.1 g of product 2 (22.7 mmol), 6.0 g of compound 3 (24.4 mmol), 0.020 g 
of palladium(ll) acetate (47% of Pd) (0.089 mmol). 0.06 g of triphenyl- 
phosphine (0.229 mmol), 50 ml of propanol, 15.0 ml of 2N sodium carbon- 
ate solution and 10 ml of water are combined and refluxed overnight at 

5 SO^C. The reaction mixture is subsequently diluted with water, MTB ether 
(tert-butyl methyl ether) is added, and the organic phase is separated off. 
The aqueous phase is extracted twice with MTB ether. The combined 
organic phases are washed with water and with NH4CI solution, dried, 
filtered with suction and evaporated, giving 10.6 g of a black oil, which is 

10 eluted with 1-chlorobutane over 1 I of silica gel. This results in 10 g of a 
clear oil, which is eluted with 1 -chlorobutane/heptane over 3 1 of silica gel, 
giving a viscous, clear liquid, which is recrystallised from 1 :25 l-propanol at 
-5°C, giving product 4 as a highly viscous liquid. 

15 

Example 2 

20.0 g of product 5 (91 .6 mmol), 15.28 ml of 2-octanol (96.18 mmol) and 
25.23 g of triphenylphosphine (96.18 mmol) are dissolved in 220 ml of 

20 tetrahydrofuran (THF) under a nitrogen atmosphere at room temperature 
with stirring (yellow coloration). 19.45 g of diisopropyl azodlcarboxylate 
(DEAD) (96.18 mmol) are subsequently added dropwise. Owing to the 
exothermic reaction, the temperature rises to 51 °C. In order to achieve the 
most complete conversion possible, the batch is stirred overnight at room 

25 temperature. The batch is then evaporated to dryness in a rotary 
evaporator, and the resultant crude product is eluted with heptane/ 
dichloromethane (1:1) over 2 I of silica gel, giving product 6. 



30 



35 
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5 




5.0 g of product 6 (15.04 mmol) are dissolved in 2.86 g of tert-butano! 
(30.07 mmol) and introduced with vigorous stirring into 9.62 ml of 95 to 
97% sulfuric acid (180.42 mmol). After the reaction mixture has been 
stirred for 30 minutes, a lot of water is added, and the mixture is extracted 
twice with MTB ether. The combined organic phases are washed with 
water, dried over sodium sulfate, filtered and evaporated in a rotary 
evaporator, giving the crude product, which is eluted twice with heptane 
over 1 I of silica gel, giving product 7. 



Example 3 



25 




8 9 10 

10.104 g of 4-bromo-2,6-dimethylphenol 8 (50.0 mmol), 17.211 g of 
product 9 (61 .0 mmol), 1 00.51 ml of 1 ,4-dioxane, 1 .51 3 g of bis(tricyclo- 
hexylphosphanyl)Pd(ll) chloride (2.05 mmol) and 30.161 g of tripotassium 
phosphate trihydrate (1 13.25 mmol) are combined and stirred overnight at 
SO'^C to complete conversion. The reaction mixture is subsequently cooled 
to room temperature, water is added, the mixture is acidified using semi- 
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conc. HCI and extracted with MTB ether. The green suspension is filtered 
through Celite® with suction, and the phases are separated. The aqueous 
phase is extracted 2x with MTB ether, and the combined organic phases 
are washed 1x with water and Ixwith saturated NaCI solution, dried over 
5 sodium sulfate, filtered with suction and evaporated, giving 24 g of a dark 
greenish-brown greasy residue, which is eluted with 1-chlorobutane over 
0.7 I of silica gel, giving 10 g of a yellowish-brown, crystalline material, 
which is recrystallised from four times the amount of methanol, at -15°C, 
giving pale-violet crystals of compound 10. 

10 



15 



20 




10 11 



2.168 g of compound 10 (6.0 mmol). 1.206 ml of 2-octanol (7.596 mmol), 
1.936 g of triphenylphosphine (7.38 mmol) and 20 ml of tetrahydrofuran 
(THF) are dissolved under a nitrogen atmosphere at room temperature 
with stirring (yellow coloration), and 1 .447 ml of diisopropyl azodicarboxyl- 
ate (7.44 mmol) are subsequently added dropwise. Owing to the exother- 
mic reaction, the temperature rises to 35°C. In order to achieve complete 
conversion, the batch is stirred for a further 2 hours. The batch is subse- 
quently evaporated to dryness in a rotary evaporator, giving 7.0 g of a 
yellowish, viscous, virtually clear residue, which is eluted with 1-chloro- 
butane over 1 I of silica gel, giving 1 .9 g of a colourless, clear and viscous 
liquid, which is again eluted with 1-chlorobutane over silica gel, giving 
product 1 1 . 
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Example 4 





12 



13 



14 



10 



15 



20 



25 



4.1 1 g of magnesium turnings (169.044 mmol) are initially introduced in 
70 ml of THF, the mixture is heated to reflux, and a solution of 18.6 g of 
1-bromo-2-methylbutane 13 (121.907 mmol) in 150 ml of THF is added 
dropwise at such a rate that the mixture constantly refluxes (without a 
heating bath). The mixture is subsequently stirred under reflux for a further 
1 hour, cooled to 17°C (a milky grey suspension forms), 27.451 g of zinc 
bromide In 120 ml of THF are added dropwise up to about 37''C, during 
which a white, crystalline crystal slurry forms temporarily at the flask rim, 
2.087 g of palladium bis(diphenylphosphino)ferrocene (2.844 mmol) are 
subsequently added (purple coloration), and 16.0 g of 1-bromo-2,6- 
dimethylbenzene 12 (81.271 mmol) in 120 ml of THF are added dropwise, 
during which the reaction mixture becomes a brownish colour and during 
which the temperature gradually rises to 37''C and the reaction mixture is 
refluxed using a heating bath. The suspension is refluxed with stirring 
overnight (22 hours). 

After 24 hours, 2.2 g of tricyc!ohexylphosphine-Pd(l I) chloride are added in 
the fomi of a 3.5 mol% solution in THF. The mixture is refluxed ovemight. 

After a further 24 hours, the same amount of tricyclohexylphosphine-Pd(ll) 
chloride is again added. 



35 



After refluxing for a total of 68 hours, the reaction mixture is allowed to 
cool, about 400 ml of water are added, and the mixture is extracted with 
about 6 X 250 ml of pentane. The phases are difTicult to separate since a 
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black interphase forms. The organic phase is greenish/grey/ochre with 
black components. 

The pentane phase is dried using sodium sulfate, and 2 spoons of silica 
5 gel are added, which prevents vigorous bumping on the frit during 
subsequent filtering with silica gel/pentane. 

The dark pentane phase is filtered with the sodium sulfate over a 1 I frit 
with an approximately 6 cm thick layer of silica gel. 1 litre of pentane is 
10 used for washing. The entire, yellow pentane solution is distilled under 
atmospheric pressure using a column. 

40 g of a yellowish-orange liquid with a yellow precipitate are obtained as 
residue from the distillation. This residue is eluted over silica gel/pentane. 
15 1.5 litres of the pentane solution are distilled off under atmospheric 
pressure and subsequently distilled under reduced pressure. 



Product 14 is obtained on vacuum distillation as a virtually colourless, 
slightly yellowish distillate (b.p.: 92 to 94X, bath: 110 to 130*^0, 5.3 mbar). 

20 




8.4 g of product 14 (45.31 1 mmol) are initially introduced in 50 ml of 
dichloromethane, giving an orange-yellowish, clear solution, and 10.213 g 
of silver trifluoroacetate (45.31 1 mmol) are added. In the process, the 
reaction mixture changes to a pale yellow colour, and a slightly 
endothermic reaction is observed. 2.321 ml of bromine (45.31 1 mmol) in 
20 ml of dichloromethane are added dropwise to the yellow-whitish 
suspension over the course of half an hour at such a rate that the 
temperature does not exceed 30°C (decoloration, grey-whitish 
suspension). The temperature rises to 29''C. The reaction mixture is a 
slightly yellowish suspension. 



, P02191 TRANS GB.doc 



-41 - 



After the mixture has been stirred for a further 3 hours, the AgBr is filtered 
off and washed with CH2CI2. The dichloromethane phase is washed with 
water until neutral, dried using Na2S04 and evaporated to dryness. 
Distillation in a bulb tube (155°C, 1 mbar) gives product 15 as a virtually 
5 colourless liquid. 



10 




1.097 g of magnesium turnings (45.1 mmol) are initially introduced under 
nitrogen, covered with 10 ml of THF and subsequently heated to reflux. 

1 5 The reaction Is initiated using 4 to 5 drops of product 15, and the 

remainder of the 10.4 g of product 15 (0.041 mol) is dissolved in 30 ml of 
THF and added dropwise, with gentle stirring, at such a rate that the 
reaction mixture constantly refluxes. In the process, the reaction mixture 
becomes a brown colour. When everything has been added dropwise, the 

20 mixture is stirred for a further 2 hours under reflux. The entire mixture is 
then cooled to 10°C, and 5.039 ml of trimethyl borate 16 (45.1 mmol) are 
added dropwise, during which a brown, glassy suspension which is difficult 
to stir forms. The temperature is held at between 10 and 20°C during this 
process. The mixture is subsequently stirred at this temperature for a 

25 further 30 minutes. 30 ml of water are then carefully added dropwise, a 
white precipitate forms, and the temperature rises to 27°C. 80 ml of MTB 
ether are then added, and the reaction mixture is acidified using 50 ml of 
semi-conc. hydrochloric acid (exothermic to 29°C) and stirred until the 
excess magnesium has dissolved. On acidification, the precipitate 

30 dissolves, and a pale-yellow solution forms. The aqueous phase is 

separated off and extracted 2x with MTB ether. The combined organic 
phases are washed 1x with water, dried over sodium sulfate, filtered with 
suction and evaporated in a rotary evaporator, giving product 17 as a 
yellow, clear liquid. 
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30.0 g of product 18 (0.097 mol) and 100 ml of THF are combined at room 
temperature and cooled to -70X. 65.689 ml of a 15% butyllithium solution 
in n-hexane (107.67 mmol) are then added dropwise with stirring to the 
resultant white suspension at this temperature, and the mixture is 
subsequently stirred for approximately a further 1 hour at -70°C. 27.082 g 
of iodine (0.107 mol) dissolved in 50 ml of THF are subsequently added 
dropwise to the purple solution at -70°C. The temperature is then allowed 
to come to -30°C, and water is rapidly added dropwise. The excess iodine 
is destroyed using a sodium hydrogensulfite solution. The phases are then 
separated, the aqueous phase is extracted 2x with MTB ether, and the 
combined organic phases are washed 1x with water and 1x with saturated 
NaCI solution. The combined organic phases are dried over Na2S04, 
filtered with suction and evaporated, giving product 19 as a brownish, 
crystalline residue, which is recrystallised from heptane. 




35 



12.085 g of product 19 (27.8 mmol), 8.5 g of compound 17 (33.981 mmol). 
150 ml of dioxane, 0.821 g of bis(tricyclophosphanyl)Pd(ll) chloride 
(1.112 mmol) and 16.733 g of tripotassium phosphate trihydrate 
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(62.828 mmol) are combined and stirred overnight at 80''C to complete 
conversion. The reaction mixture is then cooled to room temperature, 
water is added, and the mixture is acidified using semi-conc. HCI and 
extracted with MTB ether. The green suspension is filtered through Celite® 

5 with suction, and the phases are separated. The aqueous phase is 
extracted 2x with MTB ether, and the combined organic phases are 
washed 2x with water and saturated NaCI solution, dried over sodium 
sulfate, filtered with suction and evaporated, giving 16.0 g of a dark 
orange-brown, viscous material, which is eluted over silica gel/heptane, 

10 giving 6.0 g of a yellow, clear solution, which is eluted over a small amount 
of silica gel/heptane, giving a virtually colourless, slightly yellowish, smectic 
mass of compound 20. 



1 5 Example 5 




21 22 23 



7.419 g of sodium metaborate octahydrate (26.64 mmol) are initially 
introduced in 12.6 ml of water, 0.623 g of bis(triphenylphosphine)Pd(ll) 
chloride (0.888 mmol), 0.043 ml of hydrazinium hydroxide (0.888 mmol) 
and 4.928 ml of 5-bromo-m-xylene 21 (35.52 mmol) and 30 ml of THF are 
added, and the mixture is stirred for 5 minutes, then 14.393 g of product 
22 (39.512 mmol), dissolved in 100 ml of THF, are added, and the mixture 
is heated to the boiling point (es^'C) and refluxed overnight to complete 
conversion. The reaction mixture is then cooled, water and MTB ether are 
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added, and the phases are separated. The aqueous phase is extracted 2x 
with MTB ether, and the combined organic phases are washed 3x with 
water, dried over sodium sulfate, filtered with suction and evaporated. The 
resultant crude product is eluted with pentane over 1 .2 I of silica gel, and 
the corresponding fractions are combined and evaporated in a rotary 
evaporator, giving product 23 as a white, crystalline material, which is 
recrystallised from 12 times the amount of i-propanol at +4°C. 



10 



15 




23 24 

12.6 g of product 23 (29.674 mmol) are initially introduced in 30 ml of 
dichloromethane (colourless clear solution), and 6.688 g of silver 
trifluoroacetate (29.674 mmol) are added (slightly endothermic reaction). 
1.52 ml of bromine (29.674 mmol) in 10 ml of dichloromethane are added 
dropwise to the whitish suspension over the course of half an hour at such 
a rate that the temperature does not exceed 40°C (decoloration). The 
temperature rises to 34°C. The reaction mixture is then a slightly yellowish 
suspension. After the mixture has been stirred for a further 3 hours, the 
AgBr is allowed to settle and is filtered off next day and washed with 
CH2CI2. The solution is then evaporated to dryness. It is attempted to 
dissolve the resultant white, crystalline material in 200 ml of pentane. The 
insoluble crystals are filtered off, washed with pentane and subsequently 
recrystallised from pentane at 5°C. The product is subsequently eluted 
firstly with heptane at 50''C and then with pentane over silica gel. The 
jesultant product 24 is recrystallised from pentane. 
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24 



25 



15 



20 



3.031 g of product 24 (5.839 mmol) are initially introduced in 50 ml of 
diethyl ether. 4.007 mi of a 15% butyllithium solution In hexane 
(6.38 mmol) are added dropwise at 0°C. The mixture Is stinred at this 
temperature for a further 1 hour, and then 0.708 ml of N-formylpiperidlne 
(6.38 mmol) is added dropwise. The mixture is again stirred for a further 1 
hour, then stirred ovemight at room temperature. Water is subsequently 
added rapidly, and the mixture is extracted with MTB ether. The resultant 
product 25 Is eluted over silica gel/chlorobutane and recrystallised from 
heptane 1:10. 
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1.401 g of product 26 (3.39 mmol) are suspended in 20 ml of THF (white) 
and cooled to from 0 to S'C. 2.966 ml of a 2 molar solution of lithium 
dilsopropylamide in cyclohexane/ethylbenzene/THF (3.6 mmol) are added 
dropwise at this temperature, during which the colour gradually changes to 

5 yellow-orange. The solution of 1 .5 g of product 25 (0.003 mol) in 20 ml of 
THF is subsequently added dropwise at from 0 to S'C, and the tempera- 
ture is then allowed to come to room temperature. After the reaction 
mixture has been stirred for a further 2 hours, water and semi-conc. HCI 
are added (slightly exothermic), the mixture is extracted with MTB ether, 

10 and the phases are separated. The aqueous phase is then extracted 2x 
with MTB ether, and the combined organic phases are washed 1x with 
water and 1x with saturated NaCI solution, dried over sodium sulfate, 
filtered with suction and evaporated, giving product 27 as a yellow, 
crystalline residue, which is eluted with heptane over silica gel. 

15 



20 



25 




27 28 

1 .10 g of product 27 (2.088 mmol) are initially introduced in 50 ml of THF 
and hydrogenated to completion using 1 .0 g of a Pd/C catalyst and 46.7 ml 
of hydrogen. Product 28 forms as a crystalline residue, which is eluted with 
pentane over silica gel and subsequently recrystallised from 10 times the 
amount of i-propanol. 
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Example 6 

To a liquid-crystalline base mixture of the following composition: 



5 PCH-5F 10.0 

PCH-6F 8.0 

PCH-7F 6.0 

CCP-20CF3 8.0 

CCP-30CF3 12.0 

10 CCP-40CF3 7.0 

CCP-50CF3 11.0 

BCH-3F.F 12.0 

BCH-5F.F 10.0 

ECCP-30CF3 5.0 

15 ECCP-50CF3 5.0 

CBC-33F 2.0 

CBC-52F 2.0 

CBC-55F 2.0 



20 Is added 1 .0% by weight of product 4 from Example 1 , and the helical 
twisting power HTP of the composition is determined at 20°C. It has a 
helical twisting power HTP of -1 5.4. 

By comparison, the corresponding compound which is substituted by 
25 fluorine atoms instead of the two methyl groups only gives a helical 
twisting power HTP of -9.37. 

•s. 

Example 7 

30 

1 .0% by weight of product 7 from Example 2 Is added to the liquid- 
crystalline base mixture from Example 6. and the helical twisting power 
HTP of the composition is detemilned at 20°C. It has a helical twisting 
power HTP of -7.2. 

35 



P02191 TRANS GB.dOC 



-48- 

By comparison, the corresponding compound which is unsubstituted 
instead of the tert-butyl group only gives a helical twisting power HTP of 
-1.36. 

5 

Example 8 

1 .0% by weight of product 11 from Example 3 is added to the liquid- 
crystalline base mixture from Example 6, and the helical twisting power 
1 0 HTP of the composition is determined at ZO'C. It has a helical twisting 
power HTP of -13.2. 

Example 9 

15 

1 .0% by weight of product 28 from Example 5 is added to the liquid- 
crystalline base mixture from Example 6, and the helical twisting power 
HTP of the composition is determined at 20'C. It has a helical twisting 
power HTP of -1 .6. 



